ABSTRACT.--Songs from 402 Zebra Finches (Taeniopygia guttata castanotis) were sampled in order to describe the structure of the song phrase and the relationship of its elements to the call repertoire. The song of wild birds was also compared to that of 47 domesticated Zebra Finches from two European laboratories in order to examine the effects of domestication on song structure. The stereotyped phrase, which is the repetitive unit of the song, had a mean number of 6.75 elements and a mean duration of 0.86 s in wild birds. Elements were sung in sequence that defined three parts to the phrase--a start, a middle and an end. Fourteen types of elements were identified of which four were sung by the vast majority of males; three of these "primary" elements were "borrowed" unmodified from the call repertoire, and formed the start and end sections of the phrase. "Secondary" elements, which were less frequently represented across males, constituted the middle of the phrase and appeared to 
Finches (Taeniopygia guttata castanotis) has become a classical subject for laboratory-based studies of the development (Immelmann 1969, Slater et al. 1988 , Williams 1990 ), control (Nottebohm et al. 1990), and function (Clayton 1990a, b, Clayton and PrOve 1989) of behavior, few studies have investigated the structural organization of the song itself, and little information about song of the species in the wild has been published. In order to make sense of the laboratory-based discoveries that detail the specifications and constraints on the mechanisms for song learning and its perception in the Zebra Finch, it is necessary, as a first step, to make a detailed descriptive study of the acoustic structure of the song itself and its relationship with other acoustic signals emitted by the species. Cynx (1990) Investigations into the evolutionary precursors of song and its elements have not received much attention from researchers in this or other species of songbirds, although Price (1979) , while studying determinants of song development in domesticated Zebra Finches, noticed similarities between some elements of the song and certain calls from the vocal repertoire.
However, I have shown that at least one call of wild-caught Zebra Finches, namely the male Distance Call, the loudest and most penetrating sound emitted, is actually learned from the father early in life, and aviary confinement and domestication affects this process so that the Distance Calls of almost all domesticated birds published to date are aberrant in structure by comparison with those of wild birds (Zann 1985) . Consequently, a second aim is to compare the structure of the elements of the song phrase of wild (nondomesticated) birds with that of their calls in order to understand the possible derivation of the song.
METHODS
Songs from 402 males were recorded at breeding colonies in two geographically distant areas of Australia: the central arid zone at Alice Springs; and the semiarid southeastern corner bordering the Murray River some 1,700 km away. For comparison, large samples were taken from two focal colonies: 40 males from colony As (24ø45'S, 133ø52'E) in central Australia; and 99 males from colony Da (36ø09'S, 145ø26'E) in southeastern Australia. See Zann (1993: fig. 1 ) for further details on study sites. I recorded songs using several recorders (Uher 4000 report L, Nagra 4.2 L, Marantz Superscope, Sony Walkman Professional and Sony TCD5 Pro) coupled with either a parabolic reflector (Sony PBR 330 with a Beyer M69 microphone), or a shotgun microphone (Sennheiser Electret or MKH 816 T). Most songs were the undirected type, but a few were directed at females during courtship. I recorded free-flying birds at their nesting or roosting bushes, but some males were temporarily confined to a portable aviary in order to obtain quality recordings. All birds were sexually mature when recorded. Each song included in the study was assumed to have originated from a different male; this certainly was the case where the birds were color banded or where a colony was visited only once. The possibility exists in one colony that some males recorded one year were rerecorded the next, but the high turnover among breeding birds (Zann and Runciman in press) makes this unlikely.
I analyzed songs on a Kay Sonagraph 7030A with the 150-Hz filter, which provided the most appropriate resolution for this study. Phrases were defined as the repetitive unit of the song, and at least three phrases of each male were analyzed from the onset of singing to establish which elements were repeated consistently and constituted the phrase. Successive phrases sometimes were separated by pauses or calls (e.g. Fig. lc) , but frequently were not (e.g. Fig. la) . Song (bouts) varied considerably in duration and structure within individuals, but the single phrase, once learned, was fixed in structure and duration, making it an appropriate unit for analysis of song organization in this species (Zann 1990 ).
To determine the duration of the phrase the sonagram was measured with a ruler to the nearest millimeter (equivalent to 8 ms) from the start of the first element to the end of the last element. In order to characterize the types of elements sung by Zebra Finches, all of the elements from 20 males, each chosen at random from the focal colonies (Da and As), were measured for duration to the nearest millimeter.
If an element had harmonic structure the distance between the first and second harmonic was measured to the nearest millimeter (equivalent to 80 Hz). Furthermore, the tone and noise components that constitute the Distance-call Element were measured separately (see Zann 1984) .
I used visual inspection of sonagrams to classify elements in the phrases from songs of all 402 males in the sample into 14 different categories or types. 
where D is duration in seconds and E is element The duration of the phrase did not differ significantly between colony As and colony Da. However, birds from the former had significantly more elements per phrase and sang the phrases faster (Table 1) .
Types of elements.--Based on morphology of spectral structure, 97.1% of all song elements (n = 2,711) from 402 males analyzed were successfully allocated to 14 categories or types; the remainder were unclassifiable ( and their classification was less precise; the degree of ambiguity in classifying each element is given by the Kappa (K) coefficient of concordance listed below. I found that 73% of the phrases had "repeats" (i.e. two or more elements belonging to one type); however, these were usually different variants within the type and not exact replicates.
Measures of duration, frequency and rate of occurrence are given in Table 2 for a sample of all 14 element types, and in Table 3 quantitative comparisons of five of the most frequent elements are made for the two focal colonies. These are described below:
(1) Introductory Elements (I) are common elements that introduce the phrase. They are brief, soft, low-frequency sounds (Table 2 ) with multiple harmonics of a chevron-shape with a pronounced down-slur.
Their classification was unambiguous (K = 1.00). In 60% of males there was only one variant of the Introductory Element, but 40% had two (e.g. Figs. la and c) or even three; these repeats often were sung in sequence. Introductory Elements did not differ significantly in duration, but the fundamental frequency of those from central Australia was significantly lower than those from southeastern Australia (Table 3) .
(2) Introductory Diads (II) are Introductory Elements in context and configuration that oc- (Table 1 ). The element is diagnostic (K = 1.00) because of two distinct parts to its structure: a tonal component of multiple harmonics with little frequency modulation that precedes a second part, the noise component, which has a sudden downward sweep in frequency of the harmonics (Figs. la and c) . The proportions of the components vary greatly between individuals. The Distance-call Element is normally the ultimate (Fig. la) or penultimate element in the phrase. There were no significant differences in duration and fundamental frequency of Distance-call Elements between colonies Da and As, but duration of the tonal component was significantly longer in the latter (Table 3) duced three to four pulses of noise and were significantly longer than those from southeastern Australia (Table 3) Simple measurements could not encompass some fine details of element morphology that were hard to categorize and even harder to measure but, nevertheless, still might be diagnostic features of the phrases from colonies Da and As. In order to assess this possibility, I set up a trial in which sonagrams of song phrases from both colonies were assessed subjectively in a double-blind matching experiment. Phrases from 20 males, which were recorded with the same equipment under identical circumstances, were chosen at random from each colony and the sonagrams analyzed with the same settings. The task of the assessor was to sort sonagrams subjectively into two groups based on similarity of the detailed morphology of the elements. I ran two trials with different and independent assessors. Each trial was run such that there was random sampling with replacement between the 30 matching decisions so that each decision was independent of those that preceded it. The procedures allowed chance frequencies of the result to be calculated using the binomial distribution where the sample size was 30 and the probability 0. Phrase structure and element sequence.--Elements that form the Zebra Finch song phrase basically have a more or less defined location and order that divide the phrase into three parts--a start, a middle and an end ( Table 4 ). The structure of the phrase can be best understood by first considering the pattern in the middle where the type of elements and their sequence is more determined than elsewhere. The middle consists of two types of elements: the conspicuous High Element; and various types of elements with unstructured noise (e.g. Figs. la and c) . It is the presence and location of these two types of elements that divides the phrase into three parts in 95% of males. In 54% of males, the middle of the phrase had three elements, the High Element preceded and followed by elements with a significant noise component. In 29% of males, there were only two middle elements, most with a noise component; only 30% of these males had High Elements and they were placed in the second position (Table   4 ).
In colony As the three middle elements (Noise-noise, High, Noise-structure Tone) were identical in type and order for 35 of 40 birds sampled so that the three elements could almost be considered a one-element complex (Fig. lc) . Birds from colony Da were more variable in the type of noise elements (Ladder-noise, Tonenoise, Noise-structure), but the High Element was still in its central position (e.g. Fig. la) •' 27% of starts had one element only, 36% two elements, 23% three elements, and 8% four elements.
• I0% of middles had one element only, 29% two elements, 54% three elements, and 4% four elements.
• 28% of ends had one element only, 41% two elements, 19% three elements, and 13% four elements. In the subjective blind-matching trial, 85% of elements were classified correctly according to whether they originated from domestic stocks or wild colonies; there was no significant difference in the proportion of correct and incorrect classifications for the two categories of sing- errors in the learning of this call in captivity (Zann 1984 (Zann , 1990 ).
ement, the Stack Element and the
In contrast to the primary elements of the song phrase, the remaining 10 element types are sung far less frequently within and among males (Table 2) , and it is difficult to find their exact counterparts in the call repertoire, but it is possible that these "secondary element" types may have been derived from them. The Introductory Diad is simply an association of two It is possible that the remaining eight of these secondary elements originated from the Distance Call through systematic repetition, modification and omission of the spectral and noise components of the element (Fig. 3) 
